We present a 2.5D MHD simulation of a magnetic flux rope (FR) propagating in the heliosphere and investigate the cause of the observed sharp plasma β transition. Specifically, we consider a strong internal magnetic field and an explosive fast start, such that the plasma β is significantly lower in the FR than the sheath region that is formed ahead. This leads to an unusual FR morphology in the first stage of propagation, while the more traditional view (e.g. from space weather simulations like Enlil) of a 'pancake' shaped FR is observed as it approaches 1AU. We investigate how an equipartition line, defined by a magnetic Weber number, surrounding a core region of a propagating FR can demarcate a boundary layer where there is a sharp transition in the plasma β. The substructure affects the distribution of toroidal flux, with the majority of the flux remaining in a small core region which maintains a quasi-cylindrical structure. Quantitatively, we investigate a locus of points where the kinetic energy density of the relative inflow field is equal to the energy density of the transverse magnetic field (i.e. effective tension force). The simulation provides compelling evidence that at all heliocentric distances the distribution of toroidal magnetic flux away from the FR axis is not linear; with 80% of the toroidal flux occurring within 40% of the distance from the FR axis. Thus our simulation displays evidence that the competing ideas of a pancaking structure observed remotely can coexist with a quasi-cylindrical magnetic structure seen in situ.
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MHD simulations

176
We have implemented an axisymmetric MHD 177 simulation of a flux rope CME propagating out to 
where B ⊥ is the in-the-plane magnetic field. are bodily convected to the rear".
256
The plasma β within the outer boundary is pre- 
314
The results show that beyond 100Rs the major- Weber number is defined as:
The Weber number can therefore also be ex- 
In the hydrodynamical literature, the Weber 367 number is a dimensionless unit that measures the relative to flux rope center. i.e we define it as
This method now correctly expresses the rela- 
453
The morphology of FR core in the figure, with a 454 low plasma β, can be seen to be quasi-circular. which has a stronger interaction with the ambient 527 solar wind and is therefore prone to deformation.
Summary and Discussion
528
In a sense, the Weber equipartition line acts as By injecting a CME instantaneously with a 573 large magnetic flux, we emulate an extreme ac-574 celeration profile for a fast CME entering the in-
575
ner heliosphere which is akin to that expected 576 for a Carrington event or other extreme cases.
577
In this simulation, the propagation speed of the 578 flux rope through the heliosphere is more compa-579 rable to a typical fast CME. Under these condi- (see Figure 13 within the authors work).
591
The Enlil model is often used for space weather 592
forecasting. However this model is usually im-
593
plemented by assuming the CME can be initially act as a restraining force should also be pursued.
607
At terrestrial distances, remote observations 
